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1.0 INTRODUCTION 

The measurement of operator performance has for some time formed the basis of research for those 
engaged in the field of human system interaction and the use of virtual reality (VR). Performance 
measurement is particularly relevant when the desire is develop methods and metrics to assess the utility 
of VR for training purposes and to predict how well that training will then transfer to the real world. 
Performance measurement becomes even more critical when the VR application is used in a military 
context, e.g., in preparation for conflict.  

This chapter provides descriptions of some of the methods and measures used for measuring task and 
mission performance in virtual environments. As one of the challenges inherent in assessment of VR is the 
measurement of team and collective performance, this is the primary focus of the chapter.  

2.0 TEAM PERFORMANCE 

A team performance measurement system must be able to distinguish between individual and team level 
performance deficiencies, i.e., both taskwork and teamwork behaviours [1]. Taskwork behaviours are those 
performed by individual team members to execute their specific functions, e.g., weapons systems 
switchology. Teamwork behaviours are those which are related to team member interactions and the  
co-ordination of team members to achieve a common goal, e.g., communication, compensatory behaviours, 
information flow and feedback. For example, a team may make an incorrect decision because information 
was not circulated effectively among the team members (a team level problem). However, the same incorrect 
decision could be made because an individual made a technical error, which is an individual level problem 
[2]. 

A measurement system should assess both team outcomes and team processes. Outcomes are the end 
result of team performance (e.g., mission effectiveness – number of targets hit) and processes are the 
specific behaviours and performance strategies that explain how or why a particular outcome occurs. 
Sample outcome measures include accuracy of performance, timeliness of action, number of errors; 
sample process measures include quality of team communications, accuracy of team Situation Awareness, 
and adequacy of team leadership. Although successful outcomes are the ultimate goal of team training,  
the measurement of processes is critical for diagnosing performance problems. Feedback to trainees based 
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on outcomes alone may be misleading and detrimental to learning. For example, teams may stumble on 
the correct decision or course of action despite the use of flawed processes. If feedback is outcome-based, 
these flawed processes will not be corrected [2].  

2.1 Example of Measure of Team Outcomes – UPAS 
The US Army Research Institute developed the Unit Performance Assessment System (UPAS) to help 
eliminate some of the limitations with the feedback capabilities of SIMNET. The UPAS has also been 
used in a cost-effectiveness evaluation of the Multi-service Distributed Testbed (MTD2) [3]. 

The system provides students and instructors with timely and useful feedback by performing all statistical 
analyses in real or near real-time. A UPAS collects and records data packets from SIMNET and translates 
and organises derived information into a relational database. This information is further manipulated onto 
map and graphic displays of unit performance that can be used during SIMNET after action reviews.  
In SIMENT the UPAS collected the following types of Protocol Data Units (PDUs): vehicle appearance, 
vehicle status, status change, fire, indirect fire and impact (vehicle or ground). The UPAS used five data 
sources to analyse unit performance in a DIS environment: network data, terrain data, units plans for the 
operation, radio communication and direct observation of participant behaviour.  

2.2 Measures of Team SA and Shared Mental Models 
There are two other very important concepts underlying team performance for which measures need to be 
developed: team Situation Awareness (SA) and shared mental models.  

Team SA: SA is important to teams as it allows team members to be attentive to changes in the 
environment and anticipate the consequences of these variations [4]. A useful definition has been 
developed for an aviation context: Team SA has been defined as the crew’s understanding of flight factors 
that can have an impact on the mission effectiveness and safety of the crew. Muniz et al. have identified 
the flight factors and have identified behavioural indicators of low and high team SA [4, 5]. Low team SA 
includes lack of communication, fixation, deviating from SOPs, violating limitations, using undocumented 
procedures, etc. Examples of high team SA include confirming information, re-checking of old 
information, identifying potential problems, noting deviations, having contingency plans, responding 
quickly to radio messages. Measures are required to evaluate the team SA of participants in a collective 
training exercise. 

Shared Mental Models: For effective team functioning, team members need to be able to predict the 
needs and information expectations of other team-mates and anticipate actions. This ability is explained by 
hypothesising that members exercise shared or common knowledge bases, i.e., shared mental models. 
Shared mental models have been defined as ‘Knowledge structures held by members of a team that enable 
them to form accurate explanations and expectations for the task, and in turn to coordinate their actions 
and adapt their behaviours to the demands of the task and other team members’ [6]. 

The greater the degree of overlap in team members’ models, the greater the likelihood that members will 
predict, adapt, and co-ordinate with one another successfully. This concept has important implications for 
scenarios where teams are required to co-ordinate with teams from other services and nations, where the 
degree of overlap may not be as great as between members from the same units. Measures are required to 
assess the degree of overlap between participants in a training exercise. 

2.3 Example Measure of Team SA – SALIENT 
Few methods for measuring team SA exist. This section examines one method known as SALIANT 
(Situational Awareness Linked Instances Adapted to Novel Tasks) which was developed at NAWC [4, 5]. 
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SALIANT is an event-based approach which evaluates teams based on behaviours associated with team 
SA. It is similar in approach and format to TARGETs; it provides a behavioural checklist and has been 
found to have high inter-rater reliability. The SALIANT methodology comprises of 5 phases: 

Phase 1: Delineation of behaviours theoretically linked to team SA. 21 generic behaviours have been 
identified from the literature and these have been clustered into 5 categories:  

• Demonstrating awareness of surrounding environment;  

• Recognising problems;  

• Anticipating a need for action;  

• Demonstrating knowledge of tasks; and 

• Demonstrating awareness of important information. 

Phase 2: Development of scenario events to provide opportunities to demonstrate team SA behaviours. 
These events were based on SME inputs and a team task analysis.  

Phase 3: Identification of specific, observable responses. The behavioural indicators were transformed 
into observable responses based on 5 flight factors identified as crucial for attaining crew situational 
awareness, i.e., mission objectives, orientation in space, external support equipment status and personal 
capabilities.  

Phase 4: Development of script. To ensure consistency across teams – when events should be introduced, 
what information to be provided and how to respond to teams. 

Phase 5: Development of structured observation form. The form was developed to rate teams on the 
number of specific observable behaviours exhibited, i.e., coded whether hit or a miss. 

2.4 The Role of Mental Models in Team Effectiveness  
Although it has been proposed that shared mental models may hold the key for understanding and 
explaining team performance, there are few methods for investigating shared mental models. Where 
reports describe the application of certain techniques, the details of how to administer and analyse are 
sparse. 

Based on a survey of existing research in the area of team behaviour and cognition, UK researchers funded 
by MoD [6] developed a generic theoretical representation of mental model functionality in command 
planning teams. This representation provided hypotheses for a pilot trial. They also undertook a 
comprehensive survey of existing data collection and assessment methods. Some of these methods were 
modified and new ones were developed to capture mental model data and evaluate hypotheses in a pilot 
study. One of these looked at the representation of mental models in command teams. The representation 
developed assumes that mental models can be conceived as a network of interrelated models that pass 
each other results of their processing. These models can be divided in 3 types: 

1) Situation assessment; 

2) Taskwork including models of task, equipment, time, team, individual, information; and 

3) Teamwork including models of enemy plans, situation development, time, movement, combat, 
enemy capability, own force capability. 

Each model represents a view about some aspect of the team’s world. Models contain links in to other 
models. To complicate things further, there are also experiential and dynamic forms of mental models. 
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Experiential models are built up from past experiences and training; dynamic models are formed from an 
integration of experiential mental models and information derived from current operating environment.  

It is assumed that all models must exist somewhere in team, but not all models need to be held by all 
members of the team. For an experienced team, the SA and teamwork models are likely to be shared to a 
significant extent, thus fewer requirements for taskwork models to be shared. Not all team members will 
have the same constructs nor represent them in same form.  

To test these hypotheses, researchers developed a pre-exercise interview aimed to capture experiential 
teamwork mental models. A cluster analysis was conducted on the lists of rated characteristics to produce 
quadrant graphs for each team. These show where and how team members think similarly or differently on 
pertinent issues. The graphs include two variables; the level of consensus for a characteristic, i.e., number 
of individual who think the characteristic is related to effective teamwork; and the level of criticality for a 
characteristic, i.e., the degree to which they think the characteristic is critical for effective teamwork. Four 
quadrants were defined: 

• High consensus / high criticality: most people believe characteristics critical for effective teamwork. 

• High consensus / low criticality: majority consider relate to, but not critical for, effective teamwork. 

• Low consensus / high criticality: one or a minority consider very important for teamwork. 

• Low consensus / low criticality: one or a minority considers as not very important.  

The graphs provided a profile of thinking within teams and highlight the shared perceptions and potential 
difference between team members.  

Post exercise, teamwork analysis methods were designed to supplement the findings concerning 
behaviours and dynamic model utility observed and as a mechanism of exposing team’s shared 
perceptions if teamwork. Ratings in importance and extent to which team possessing teamwork 
characteristics were analysed to assess the levels of disparity between team perceptions and the extent to 
which opinions were shared. 

The results showed that teams mentioned very similar characteristics in particular the ones considered to 
be core to teamwork, e.g., trust and confidence, situation awareness, individual good taskwork knowledge 
and skills, providing and receiving performance feedback. The researchers found the method quick and 
simple to use and provided an effective means for analysing a team’s perspective in teamwork.  

3.0 COMMUNICATION ANALYSIS  

Team members cooperating within or between units and teams need to coordinate their actions.  
This cooperation is mainly mediated by verbal and written communication, and gestures. In the network 
centric warfare-oriented defence, the need for communication is apparent, as is the need for communication 
analysis. Team communication factors have proven to be related to team performance [7]. Some areas of 
interest are: 

• Who is communicating with whom? 

• What is communicated? 

• What is communicated overtly versus implicitly? 

• Are the operators explicitly aware of important situation aspects? 

• Which media/channels are used? 
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• Are there problems/errors in the communication? 

• Do the problems have serious consequences on the performance? 

Communication analysis can be used in addition to task analysis. It can provide information regarding 
changes in behavior when modifying/upgrading systems. Many of today’s VR systems enable logging of 
both verbal transactions using push-to-talk-buttons, as well as data transfers on, e.g., enemy positions, 
which can provide a rich data source for post-event analysis. The communication analysis methods often 
involve using transcriptions of spoken communication for in-depth examination, including analysis of 
speech frequencies for different categories of communication, problem occurrences, and communication 
quality ratings. (See also Sections 4 and 5). 

3.1 An Example of Communication Analysis – The IOC Model 
UK MoD has funded research to develop metrics to quantify the effectiveness of training applicable to all 
levels and types of Armed Force training. This work has resulted in a novel approach to representing the 
performance of teams [8], namely the Integration Organisation and Cohesion (IOC) count analysis model. 
The overall objective of this research is to develop objective metrics and a methodology that will provide 
the MoD with a quantitative means of representing collective training in high level Operational Analysis 
(OA), balance of investment and cost-effectiveness models.  

A descriptive model has been developed as a framework on which to base the work. This model proposes 
that the development of collective performance is based on improvements in integration (I), organisation 
(O) and cohesion (C) across the relevant set of people, i.e., the IOC model. The model is output-based and 
aims to assess how well a collective is working together and thus can be used to quantify the extent to 
which collective training has had an impact. 

The IOC model breaks down the team’s activities into two types: taskwork and teamwork. It is assumed 
that successful team outcomes rest on both good taskwork (sub-unit, e.g., formation performance) and 
good teamwork (processes), and that the primary purpose of team training is teaching good teamwork. 

The central idea of the model is that there are three patterns of interaction within the teams: 
• Actions based on response to orders; 
• Actions based on the need to co-ordinate with other entities; and 
• Actions based on loyalty to the team. 

These can be defined in terms of three constructs: 

• Integration: the extent to which realignment of goals arises from interventions by the collective 
leader. Evidence includes orders/commands coming from the leader of the collective, or 
information flow between the leader and the team. 

• Organisation: the extent to which the functions of the entities are distributed and aligned to 
achieve the common goal. Evidence includes lateral communications used to share situational 
awareness, or make suggestions to each other. 

• Cohesion: the extent to which realignment of goals arises from the entities themselves. Evidence 
includes reinforcing/supporting type communications. 

The model hypothesises that the definition of the state of the team in terms of Integration, Organisation 
and Cohesion would provide an indication of how effectively the collective is likely to perform. It is 
assumed that appropriate scores for these attributes would lead to patterns of behaviour that support the 
overall goal of the team. Team training then modifies these behaviours in a manner that enhances the 
likelihood of achieving the team outcome. 
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In summary, the IOC Count Analysis technique has demonstrated utility for quantifying the value of team 
training. However, the technique is probably more applicable to teams within the land and naval domains, 
where the command structure is more hierarchical, and where communication is central to success.  

4.0 DISTRIBUTED VR SYSTEMS – EVENT BASED TRAINING 

Some tools have been adapted to measure teamwork in a distributed training environment. These tools 
were developed in the context of an instructional approach known as Event Based Training (EBT) which 
links learning objectives, exercise events, performance measures and After Action Review (AAR) or 
debrief.  

Basically the EBT approach involves: 

• Specification of Training Objectives (TOs): critical tasks, conditions and standards of 
performance. 

• For each TO, the identification of specific learning objectives: these define the specific focus of 
exercise (we haven’t talked much about learning objectives in past). Learning objectives represent 
behaviours which have been deficient in the past, are subject to skill decay, or so difficult to 
perform need frequent practice.  

• Identification of “trigger events” for each learning objective- these create opportunity for 
participants to demonstrate ability to perform tasks associated with learning objectives. They also 
provide controlled situations in which evaluators can assess performance. 

• Development of performance measures used to assess task performance during each event.  

• Examination of measurement data and presentation in manner to support feedback. 

Dwyer et al. have been involved in the first systematic application of the EBT approach in a distributed 
training environment [9]. This was used to develop performance measures, namely the TARGET checklist 
the TOM instrument. These are outlined below, together with a description of how they were used in two 
case studies.  

4.1 The TARGET Checklist 
TARGET stands for Targeted Acceptable Responses to Generated Events or Tasks [10]. The method is 
event-based and involves the identification of events for a training session which serve as triggers for team 
members to exhibit examples team behaviours.  

In addition, for each of these events, acceptable responses (i.e., the TARGETs) are identified in advance of 
the exercise. Anticipated behaviours are based on training manuals, SOPS, doctrine and SME inputs. 
Behaviours are then arranged into a checklist in the approximate order they will occur. As the exercise 
unfolds, observers score each item as acceptable, unacceptable or unobserved. An implicit assumption in 
the TARGETs methodology is that behaviours are observable and the instructor can determine them as 
being present, i.e., a “HIT” or absent, i.e., a “MISS”. 

Performance can be assessed in number of ways: the proportion of behaviours correctly performed relative 
to total set of behaviours can be calculated or behaviours can be grouped into functionally related clusters, 
which can then be examined to see how well team performed in functional areas.  

4.2 The Teamwork Observation Measure  
Teamwork Observation Measure (TOM) was derived from performance measurement techniques 
developed under the US Navy’s tactical decision making under stress [5], and aircrew co-ordination 
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training research. The purpose of TOM is to identify performance strengths and weaknesses and to obtain 
performance ratings on critical dimensions of teamwork.  

TOM includes 4 dimensions of teamwork: communication, team co-ordination, situational awareness and 
team adaptability. Each dimension is then divided into key factors (see Table 7-1). 

Table 7-1: TOM Dimensions and Factors 

TOM Dimension Factors 
Communication Correct format 
 Proper terminology 
 Clarity 
 Acknowledgements 
Team Co-ordination Synchronisation 
 Timely passing of information 
 Familiarity with other’s jobs 
Situational Awareness Maintenance of big picture 
 Identify potential problem areas 
 Remain aware of resources available 
 Provide information in advance 
Team Adaptability Back-up plans 
 Smooth transition to back-up plans 
 Quick adjustment to situational changes 

 

Assessors are required to provide specific comments based on observations made to be highlighted as 
critical points during feedback. Assessors also provide ratings of how well participants interacted with 
each other on each of the four teamwork dimensions.  

5.0 COLLECTIVE PERFORMANCE ASSESSMENT 

The need to assess and measure performance at a collective1 level presents researchers with a number of 
challenges. A collective operates at a higher level than a team and involves different roles co-ordinating 
their activities, without necessarily being co-located and without necessarily having a single recognised 
leader or identical goals. Certain skills that are important for teams, e.g., communication, co-ordination 
and information sharing are also key to collective success. However, in a collective there is less likelihood 
of shared expectations derived from previous experience and reduced area of overlap in shared mental 
models compared to an established team [11].  

To use an example from the air domain, Collective air mission training may involve many aircraft, 
fulfilling different roles, some directly involved in a mission and some providing support. For example,  
a 4-ship in an Air to Ground role needing to co-ordinate with Air-to-Air assets, Suppression of Enemy Air 
Defence (SEAD) assets and Airborne Warning and Control System (AWACS) aircraft. It is the inter-team 
                                                      

1 ‘Collective mission training’ is defined as two or more teams training to interoperate in an environment defined by a common 
set of collective mission training objectives, where each team fulfils a different military role. NATO SAS-013 Study. 
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rather than intra-team interactions and co-ordination that are important. High level cognitive skills, such as 
the ability to build and maintain situation awareness or to make tactical decisions in a complex and highly 
dynamic environment are crucial. 

5.1 Implications for Collective Training Assessment Techniques 
An understanding of the benefits gained from current collective air training gives an insight into what 
needs to be captured by training assessment and performance measurement techniques. There is a need for 
techniques that do not simply capture mission outcomes, but more importantly the underlying cognitive 
processes and strategies. To truly quantify the training value of collective air training, there is a need to 
capture some of the less tangible benefits for example positive changes in aircrew’s understanding, 
situational awareness, flexibility and confidence.  

Any techniques identified should ideally be of utility in the live environment. For example, whilst 
observers are able to make valid, albeit subjective judgements of performance and use these to give 
feedback and guidance to participants, live collective exercises could benefit from a more formal 
approach. In addition, if techniques could be applied to both live and VR exercises this would enable 
comparisons of the relative value of both training environments to be made. 

5.2 Collective Performance Assessment and Mission Phases 
Within the UK, under the sponsorship of the MoD, a programme of applied research has been undertaken 
to explore the benefits to be gained from using networks of simulators within a VR environment for 
aircrew collective mission training. Use of networked simulation in this context (in the UK) has become 
known as UK Mission Training through Distributed Simulation (MTDS) [12]. The approach adopted by 
UK MTDS researchers advocates a subjective assessment of performance during all phases of the training 
event [13]. Typically these phases are plan, brief, mission execution and After Action Review (AAR) or 
debrief. This work has led to the devolvement of tool designed specifically to assess collective 
performance during all mission phases; the Collective Assessment performance Tool (C-PAT) [15]. 

C-PAT is being developed by the Defence Science and Technology Laboratory (Dstl), part of the UK 
MoD. It forms part of an evolving concept of analysis for the UK Mission Training through Distributed 
Situation (MTDS) initiative and has already demonstrated great utility in providing measures of 
effectiveness for synthetic collective training. Essentially C-PAT is a ‘family’ of surveys (listed below in 
Table 7-2.) designed specifically to facilitate Subject Matter Expert (SME) assessment of collective 
performance of aircrew throughout all mission phases. Typically these SMEs also undertake the White 
Force role during both live and virtual collective training events. 
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Table 7-2: The C-PAT Familiy of Surveys 

C-PAT Survey 
Element 

Description 

Planning Phase 
Assessment  

WF evaluation of the ‘quality’ of co-ordination during the planning process on each 
mission day is an important component of this assessment. This is something that the  
WF are well used to judging during live collective training exercises. At the end of the 
planning phase of each mission the WF team were asked to complete a planning 
assessment questionnaire, giving their expert judgement in areas such as leadership, use 
of information, time management, thinking about the ‘Big Picture’, decision making. 

Mass Brief 
Assessment 

WF will evaluate the ‘quality’ of the briefs in terms of clarity, accuracy, big picture 
information, etc. This survey is still under development. 

Assessment 
Criteria 

At the end of each mission the WF are asked to complete an “Assessment Criteria” 
questionnaire, which asked for assessments on 31 criteria to form a picture of how well  
a collective exercise is proceeding. Typical criteria are: 

How effective were the tactics employed during the mission?  
How appropriate was any review of tactics made as a result of lessons learned?  
To what extent were the overall objectives of the mission achieved?  
Were relevant lessons learned and actions thoroughly debriefed? 

Mass Debrief 
Assessment 

WF will evaluate the ‘quality’ of the debrief in terms of clarity, accuracy, and lessons 
identified. This survey is still under development. 

Training 
Objectives 

Participants will be asked to rate to what level the training objectives were supported 
during the training event.  
These comprise a number of sub-elements, all of which are given a rating. Scores will 
then be consolidated to give an overall rating for each of the TOs. 

Interoperability Trust is a vital component of interoperability. One of the benefits of collocation is that it 
appears to help engender trust in away that may not be possible with distributed players. 
This survey is still under development. 

 

The C-PAT has been developed on the premise that effective collective processes can really only be 
assessed by an SME with the appropriate level of domain specific knowledge. The thought processes used 
in making these judgements are often difficult to articulate and considerable effort has been expended in 
trying to elicit these from tactical/training experts from the Air Warfare Centre (AWC). The tools are 
continually being refined with inputs from the AWC, and it is hoped that their involvement in the design 
of C-PAT, will ensure that these are formulated and worded in a manner that will be understood by end 
users. The ultimate aim is to develop robust metrics that can be utilised to measure the effectiveness of 
both live and synthetic collective air training exercises, thus enabling the value of UK MTDS training 
exercises to be quantified.  

At the centre of the C-PAC, are collective performance indicators; these have been derived from benefits 
identified by participants in live collective exercises. Typical collective performance indicators that have 
been used to assess the utility of a virtual environment to support mission training are presented in  
Table 7-3. 
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Table 7-3: List of Typical Collective Performance Indicators 

No. Collective Performance Competency/Indicator 
1 Understanding of own team’s role and capabilities 
2 Understanding of other team’s role and capabilities 
3 Understanding of where own team fits into the ‘bigger picture’  
4 Ability to balance risks – exploring the ‘what ifs’ of the training scenarios 
5 Ability to cope with the ‘fog of war’ 
6 Awareness of the tactical situation (multi-level SA)  
7 Within role communication and co-ordination skills  
8 Between role communication and co-ordination skills 
9 Tactical skills 

10 Tactics development 
11 Utilisation of role specific skills within the collective environment 
12 Ability to understand and implement briefed operational procedures 
13 Effectiveness in Commander role 
14 Decision making 
15 Fluidity in a variety of dynamic situations 
16 Confidence in own capabilities 
17 Confidence in own team’s capabilities 
18 Confidence in other teams’ capabilities 

 

The C-PAT is still evolving. One area requiring further investigation is measurement of aircrew Situation 
Awareness particularly their awareness of other team member’s roles and intentions. Good Situational 
Awareness is integral to an effective mission execution phase, but it is difficult to quantify. With regard to 
the surveys themselves, feedback indicates that aircrew may find it difficult to equate their established 
rating scales with the required percentage responses. The use of anchored rating scales is to be 
investigated. However, this is not necessarily a simple solution, as ease of use does not necessarily equate 
to more meaningful data. Recently a mapping exercise was undertaken between assessment criteria and 
collective training competencies. Understanding these relationships will further help with quantifying 
training effectiveness.  

Data collection and analysis can be time-consuming when carried out manually. One of the future 
aspirations for the technique is to provide a rapid and reliable measure of effectiveness of UK MTDS 
training events. To this end, there are plans to administer surveys in an electronic format. This should also 
permit the automatic data collection of responses in quantifiable terms.  

6.0 OBJECTIVE MEASURES 

Objective measures are less debatable than subjective measures, but can lack in contextual value. 
Objective measures can serve as a basis for comparison with subjective measures to reflect whether 
attitudes reflect what actually happened during the mission. It is important to develop a robust set of 
objective measures for a more rigorous assessment to performance and to maximise the benefits of the 
AAR/debrief session. Some form of data logger is thus an important component of overall the VR system.  
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The logger should log all data that is generated within an exercise or event. For example within a 
networked VR training event, data is typically output onto the network in the form of DIS Protocol Data 
Units – (PDUs) that are generated. All PDUs are time stamped with their time of reception at the logger. 
The logs provided by the logger can then be replayed during debrief at normal speed, slower then normal 
speed or faster than normal speed to enable the instructor, exercise director or trainee to fast-forward and 
pause at a critical mission incident and engage the training audience in further discussion and capture 
lessons learnt. 

Information captured on the data logger will also provide valuable insight as to the health of the system 
and the integrity of the technical and tactical networks. More importantly it will provide measures of 
individual, team and ultimately collective performance which can be used to aid debriefing and 
performance assessment on a number of different axes.  

In order to be able to make such assessments it may be necessary to have a baseline against which actual 
performance during the training event could be measured. For example, the air defenders performance in 
Weapons Engagement Zone management and control and how they ‘pushed the bubble’ could be assessed 
by comparing it with the baseline parameters; speed, height, sensor information, tactical manoeuvres, etc. 
Objective assessment is a key to a successful AAR and debrief. Significant progress has been made in this 
area in recent years and a number of bespoke solutions developed to capture objective data necessary to 
support a more robust evaluation of performance in a virtual training environment. An example is the 
work undertaken by the Air Force Research Laboratory in Mesa, US as part of their research into 
Distributed Mission Training (DMT). AFRL has developed a software tool known as PETS (Performance 
Evaluation Tracking System). [15]. PETS is capable of capturing the objective data necessary to support a 
robust and real-time evaluation of performance in a DMT training event. Data is organised at several 
levels to aid assessment. They include RT graphical displays, performance effectiveness learning curves, 
and statistical analysis at scenario or shot level.  

7.0 INDIVIDUAL PERFORMANCE 

Whist the chapter has focused on team and collective performance measures, for completeness some 
examples of individual performance measures are also included. The measures discussed in this section 
have been developed by the Swedish Defense Research Agency (FOI) and focus primarily on pilot 
performance and include both subjective and objective assessment techniques. 

7.1 FOI Approach to Performance Measurement 

FOI has a long tradition of measuring operative performance. Though varying regarding the specific 
measures, the general approach has always been the combination of subjective measures  
(e.g., questionnaires, rating scales), objective measures (e.g., data logging), and psycho-physiological 
measures (e.g., HRV, EPOG). Since the ambition is to use measures that reflect the dynamics of the 
situation, attempts to reduce the wide range of variables are necessary. The tradition is to use factor 
analysis for identification of significant compounded indicators. Linear causal model analyses are then 
performed by means of structural equation modelling (SEM), for example LISREL [16], to test the 
validity of different causal flow models possible.  

The method of assessing performance that is most commonly used by FOI is a modified version of the 
Bedford Rating Scale [17]. The pilots answer questions using a 10-point scale. The modified scale can be 
formulated in either first person or third person. It can also be used pseudo-dynamically, that is, that the 
scale is being used repeatedly, after important aspects, throughout a mission. The measure has been used 
in several studies [18, 19].  
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There are sometimes a difference between pilot ratings and instructor ratings. These differences can be 
explained by different understanding of what constitutes performance. The ratings has shown correlations 
with Mental Workload (r = -0.55), Situational Awareness(r = 0.52), and Heart Rate (r = – 0.59) [20].  

7.2 The FOI Pilot Performance Scale 
The FOI Pilot Performance Scale (FOI PPS) is useful for addressing aspects of difficulty, performance, 
mental capacity, mental effort, information load, situational awareness, and mental workload. The six 
dimensions are extracted by means of factor analysis and the number of markers range from 3 to 7.  
The reliability of the dimensions or indices has been tested by means of Cronbach’s alpha and they have 
been cross-validated. The Swedish questionnaire has not been validated in English. The questions are 
developed to fit in military fixed wing scenarios and relate to flown missions with specific as well as 
general questions. Relationships between the indices have been analyzed by means of structural equation 
modeling [21, 22]. Subjects answer by scoring on a 7-point bipolar scale. This measure has been used in 
several studies and the reliability ranges from 0.73 to 0.90. Indices change significantly as a function of 
mission complexity. 

The FOI PPS significantly relates to psycho-physiological indices such as heart rate and eye point of gaze 
changes and it correlates 0.79 with mission/task difficulty level, 0.84 with the NASA-TLX and 0.69 with 
the Bedford Rating Scale. FOI PPS has mainly been used in training simulators and after missions in real 
aircraft. FOI PPS is not available in English. Examples of (translated) questions are:  

• How complex did you find the mission?  

• Did you feel forced to disregard or cancel some of your tasks in order to perform optimally on 
critical tasks?  

• To what extent did you feel disturbed by non-critical information?  

• Did you have problems monitoring the information on the Tactical Situation Display (TSD)?  

The instrument has 6 dimensions: Operative Performance (r =0.74), Situational Awareness (r =0.80), Pilot 
Mental Workload (r =0.87), Mental Capacity (r =0.77), Information Handling Tactical Situation Display  
(r =0.92), and Information Handling Tactical Information Display (TI) (r =0.93).  

It takes about 5 minutes to answer the questionnaire. Some subjects find the questionnaire too long and 
time-consuming. The indices are suitable to use in causal analyses [16]. 

7.3 Objective Measures of Individual Performance 
Task performance measures vary between research groups and research areas. Speed and accuracy are 
used by most research teams in one way or another. The choice of measure is of course dependent on 
research area (e.g., visual and audio perception), but also on possibilities in the actual situation. Both 
controlled laboratory experiments and field studies are of interest, and often complement each other in 
seeking for new solutions. Below follows some examples of dependent measures of performance 
commonly used. 

Angle Estimation (visual perception): Comparisons between targets with or without monocular depth cues 
(drop-lines) can be used for evaluating different display settings. Subjects perform angle estimations in a 
3D virtual environment where the task is to detect a threat and to estimate the angle of a prioritized target 
in 3D space [23]. Answer is given by pointing a virtual arrow in the estimated direction, from ownship in 
direction to target. Both azimuth and elevation are measured and analyzed separately, but they can also be 
analyzed together. Comparisons between angles are also possible, even though the main interest have been 
to compare with and without additional monocular depth cues. 
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• Angle Estimation (audio): Subjects perform angle estimations from an audio signal (speech and 
noise) with the intent of comparing two 3D-audio systems spatial resolution. One system is an 
expensive professional hardware solution and the other an inexpensive software application, 
further developed at FOI.  

• Relative Height Estimation: Relative height estimation can be used in a flight situation when 
evaluating the effect of using monocular depth cues (drop-lines and cone attached to the ground or 
to a fixed plane). The subject’s task is to estimate which target symbol is closest or most distant 
compared to own ship [24]. One important point using relative estimation is that the measure is 
non-metric (compared to angle estimation), which can be of importance when using dependent 
measures in a three-dimensional virtual setting. According to some researchers [25], a 3D virtual 
environment will create different errors in x, y and z-axis. This kind of problem speaks for the use 
of non-metric measures in a 3D setting. 

• Future Collision Point: In the flight domain future collision points or risk of collisions [26] are of 
great importance. The subject’s task is to select which of a number of the targets has a collision 
course with the own aircraft. Both speed (Response Time) and accuracy can be measured.  

• Deviation from Flight Path: Can be used as a performance measure when flying, e.g., ‘tunnel in 
the sky’ or as a secondary dependent measure when performing another task. 

• Relative Size Estimation: Can be used when comparing settings were monocular and stereoscopic 
vision is in focus, including different techniques for stereo presentation and other VE techniques 
like tactile displays. 

• Color Discrimination – Staircase Method to find Just Noticeable Differences (JND): Color 
perception can be affected during different g-loads during high performance flight. One method is 
a staircase method with different colors. The baseline for JND at some well known colors is 
known [27] and can be compared with the JND values acquired in a centrifuge setting.  

• Color Identification: Pilots performed identification of well known colors during g-load. 

• Symbol Identification: Aircraft vibrates at different amplitudes and frequencies that might cause 
problems reading text or understanding symbols. To understand the effect of frequencies and 
amplitudes, experiments were conducted with vibrating symbols at different frequencies [28]. 
Symbol identification can also be used to evaluate if g-load affects identification during modest or 
high g-load. 

• Balance Measures: Investigation of visual flow effectiveness includes studies of display effects of 
visual vertical variation on observer balance. Thereby the impact on perceived spatial orientation 
was studied, with greater postural sway linked to increased proprioceptive and vestibular 
suppression. Thus, greater postural sway reflects increased display effectiveness [29]. 

• Reaction Time: Often used as a performance measure in combination with measures of accuracy. 

• Alarm Sound Categorization: Subjects performed categorizations of different alarm sounds 
together with estimated vigilance, duration, and audibility. 

8.0 SUMMARY 
This chapter has focused primarily on team and collective performance measures. Whilst it has provided 
some examples of team and collective measures, it should be noted there exists a rich source of 
information in literature concerned with performance measurement and human factors. Two recent 
publications which are recommend to readers interested in this topic are; Performance Measurement – 
Current Perspectives and Future Challenges’, edited by Winston Bennett, Charles Lance and David 
Woehr, published by LEA, 2006 and Human Factors Methods – A Practical Guide for Engineering and 
Design, by the Human Factors Integration Defence Technology Centre, published by Ashgate, 2005. 
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